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The reactivity of unsubstituted and VITi substituted
heteropoly compounds for the homogeneous oxidation
of organic sulphide has been evaluated and the results
are compared with those obtained for substituted
silicalites.
Generally the desulphurisation of sulphur
containing feed stocks including petroleum sulfides
is based on complete and destructive oxidation of
organic sulfides into SOz, CO and COz. It has
recently become of practical economic importance
to have a method available through which
controlled selective oxidation to useful products
like sulfoxides and sulfones is achieved. This will
eliminate secondary degradative oxidation reaction,
give good yield and conserve reagents. Mo, Ti, W
and V based catalysts in the presence of hydrogen
peroxide were found to meet these requirements
substantially! .
Kozhevnikov et al.' reported the homogeneous
oxidation of RzS (R=Me, n-Bu) and petroleum
sulphide concentrate to the corresponding
sulfoxides and sulfones in the presence of
molecular oxygen catalyzed by heteropoly-
vanadomolybdates. The activity of heteropoly
compounds was found to be almost similar to
vanadyl acetylacetonate but somewhat inferior to
copper chloride. Under certain conditions the
selectivity to RzSO + RzSOz reaches 100% with
complete conversion of R2S. The reactivity of RzS
drops off in the order: Me-S > Et2S > Bu-S
probably because of an increase in steric hindrance.
The oxidation of RzS also goes forward in the
absence of oxygen and the absence of any products
from rupture of the R-S bond points to a non-
radical mechanism. Bortolini et al.3 studied the
Note
oxidation of sulfides under phase transfer
conditions in the presence of hydrogen peroxide,
catalyzed by Mo(VI) and W(VI). Ballistreri et al'
used the peroxomolybdenum and peroxotungsten
complexes prepared from heteropolymolybdates
and tung states by the addition of hydrogen
peroxide for the conversion of organic sulfides to
sulfoxides and the conversion of sulfoxide to
sulfone.
Recently, oxidation of thioethers in the presence
of hydrogen peroxide catalyzed by transition metal
substituted silicalites like titanium and vanadium
silicalites has been reported':". The purpose of this
communication is to examine the reactivity of
vanadium substituted heteropoly compounds for
the oxidation of sulphides and to compare the
results with those reported for vanadosilicalites.
Materials and Methods
Heteropoly compounds are formed by the
condensation of their constituent oxides. All the
compounds were prepared according to the
procedure reported in literature", H3PMo!Z040 was
prepared by dissolving 24 g of NazMo04.2HzO and
2 g of Na2HP04 in hot water. To this 40-50 mL of
concentrated hydrochloric acid was added with
constant stirring and the corresponding heteropoly
acid separated out as etherate complex on addition
of diethyl ether. Ether was removed from the
compound by evaporation and then recrystallized
from water. Bright yellow coloured crystals were
separated.
Orange coloured H4PVMo!!040 was prepared
from 0.6 g of NaV03 and 0.7 g of NazHP04 in hot
water by the addition of 13.3 g of NazMo04.2HzO
with stirring followed by acidification an?
separation as etherate complex.
HsPV ZMOlO040 and H6PV 3M09040 were obtained
as red and deep red crystals by the stoichiometric
addition of the oxides followed by acidification and
esterification. H3PM06W6040 was prepared from
4.51 g of NaZW04.2H20, 3.3 g of NazMo04 and
0.8 g of NazHP04.2HzO. K7TizWlOP040 was
prepared according to the procedure given by
Domaille and Knoth".
Oxidation of organic sulphides was carried out
at 303 K using CH3CN as solvent, and 0.103 mmol
of the catalyst. The substrate to hydrogen peroxide
ratio was 2. Hydrogen peroxide was added
dropwise with continuous stirring. The reaction
period for methyl sulphide was 30 min, for n-
propyl sulphide it was 180 min while it was 225
min for phenyl sulphide. The products were
extracted into dichloromethane. Phenyl sulfoxide
and sulphone were obtained using preparatory thin
layer chromatographic technique and the products
confirmed by IH NMR and melting points.
Quantitative determination was done by gas
chromatography.
Results and Discussion
The data for the conversion of organic sulfides
catalyzed by heteropoly compounds are given in
Table I. The optimum conditions maintained for
the reaction are sulphide to hydrogen peroxide at 2
mol ratio at room temperature, and the reaction
period for each substrate is given in Table I.
Excess of hydrogen peroxide and catalyst
concentration led to the immediate precipitation of
the sulfone in the case of methyl sulphide. Propyl
and phenyl sulfones were obtained within 10 min.
Under these conditions, complete conversion of
methyl sulphide was observed within 30 min.
About 10-17% conversion of the substrates was
observed in the absence of the catalyst. It was
observed that among the three substrates studied,
the reactivity for methyl sulphide was the highest
followed by propyl and phenyl sulfides.
The selectivity for sulfone, a secondary product,
followed the reverse order because of the
competition between the reactant and the primary
Table I--Conversion of organic sulphides catalyzed by
heteropoly compounds at 303 K
Catalyst % conversion % conversion % conversion
of methyl of n-propyl of phenyl
sulphide sulphide sulphide









Values given in parentheses are percentage selectivity to
sulfoxide. Rest is sulphone.
In the case of methyl sulphide less than 2% suIphone is























product sulfoxide. It is seen.from Table I that with
all catalysts studied only less than 2% of sulphone
is obtained showing that methyl sulphide which is
more reactive competes with sulphoxides
effectively, than propyl amd phenyl sulfides.
Similar trend was reported by Kumar et al.6• The
observed reactivity order for sulphoxide formation
reported by them is: Me2S > EM2S > Ph SMe >
PhSMe. This trend is in conformity with that
observed in the present work. On titanium
silicalite, methyl sulphide gave nearly 97%
sulphoxide and 3% sulphone and the extent for
sulphone formed increased in the order: Me2S >
Et2S > PhSMe > PhSEt. These results are in
agreement with the results obtained in the present
study. Phenyl sulphide was found to be unreactive
in the case of titanium silicalites. Non-reactivity is
mainly due to its large size which will cause
diffusion restrictions inside the pore channels of
titanium silicalites",
However, phenyl sulphide was found to be
active in the presence of heteropoly compounds
mainly because of easier accessibility of the active
centres under homogeneous conditions. Among all
the catalysts studied, titanium substituted
compound shows the least activity, while that of
simple heteropolymolybdate shows highest
activity. Among' the vanadium substituted
heteropoly compounds, monovanadium substituted
compound shows better activify. Increase in
vanadium content seems to slightly modify their
catalytic activity. Slight increase in sulphone
selectivity was observed with the increase in
vanadium content. Eventhough the reducibility of
the vanadium substituted compounds is higher
Figure I-A possible reaction scheme for the oxidation of
organic sulphides by heteropoly compounds-hydrogen
peroxide system.
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because of their activity for hydrogen peroxide
decomposition, they are found to be less effective
for the oxidation of sulphide in comparison to
unsubstituted heteropoly compounds.
It was proposed'?'!' that metals like Mo, W, Ti,
V form peroxospecies in the presence of hydrogen
peroxide. This peroxospecies will be electrophilic
. in nature which transfers oxygen to the sulfides to
form the sulfoxide and sulfone. A possible reaction
scheme for this oxidation is given in Figure 1.
Similar behaviour has been observed for the
oxidation reactions of sulfide by a simple anionic
peroxocomplex by Campestrini et at".
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